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Abstract
Background:  The objective of this study was to develop scales measuring personal and
environmental factors that affect dietary fat intake behavior, physical activity, and stress
management in low-income mothers.
Methods:  FADESM (factors affecting diet, exercise, and stress management) scales were
developed using the Social Cognitive Theory to measure personal (outcome expectancies, self-
efficacy, emotional coping response) and environmental (physical environment, social environment,
situation) factors affecting dietary fat intake behavior, physical activity, and stress management.
Low-income African American and white mothers were recruited from the Special Supplemental
Nutrition Program for Women, Infants, and Children in three counties in Michigan. In Phase one,
45 mothers completed individual cognitive interviews. Content analyses were performed. In Phase
two, items modified from the cognitive interviews were administered to 216 mothers. Factor
analysis and multiple indicators/multiple causes were performed.
Results: Results of cognitive interviews were used to revise items for the instrument that was
tested in Phase two. The factor solution revealed 19 dimensions to measure personal and
environmental factors affecting dietary fat intake behavior (three dimensions), physical activity
(eight dimensions), and stress management (eight dimensions). Results of multiple indicators/
multiple causes model showed scale invariance. Of 19 dimensions, 15 had Cronbach alpha between
0.76 and 0.94 and four were between 0.66 and 0.69. All dimensions had composite construct
reliability scores between 0.74 to 0.97 and satisfactory construct and discriminant validities.
Conclusion: The theory-based FADESM scales have documented good validity and reliability for
measuring factors affecting dietary fat intake behavior, physical activity, and stress management in
low-income women. Results of this study support the use of these scales with low-income African
American and white mothers in community settings.
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Background
National data show that over 50% of young American
women (20 to 40 years of age) are overweight [1]. After
pregnancy, most low-income women retain significant
weight (15 lbs) [2], thus increase their risk of developing
type 2 diabetes [3] and adverse pregnancy outcomes such
as gestational diabetes and hypertension for future preg-
nancies [4]. Nearly half of this population consumes
more than 35% of calories as fat [5], and one-third do not
engage in leisure-time physical activity [6]. These
unhealthy lifestyle behaviors are exacerbated by stressful
situations. [7-9] Therefore, lifestyle intervention programs
aimed to reduce the prevalence of overweight by improv-
ing dietary fat intake, physical activity, and stress are
needed for young, low-income mothers.
The Social Cognitive Theory that systematically addresses
personal and environmental factors [10] has been widely
used for lifestyle behavior studies. Six constructs from this
theory were used to guide the development of instruments
for this study, based on literature review [9,11] and the
research team's previous work with young, low-income
mothers. Personal factors including outcome expectancies
(motivation and benefits), emotional coping response
(strategies used to cope with stress), and self-efficacy (con-
fidence to perform a specific behavior in varying condi-
tions and situations). The environmental factors are
physical (factors external to the person), social environ-
ments (social support), and situations (barriers).
To evaluate effectiveness of intervention programs, it is
important to have valid measurements for the target pop-
ulation. Unfortunately, few instruments measuring per-
sonal and environmental factors affecting dietary fat
intake behavior have been developed and validated for
this audience [12,13]. Additionally, instruments measur-
ing these factors influencing physical activity and stress
management for this population are lacking. Existing
instruments may be modified by changing wordings or
adding unvalidated items. However, using such instru-
ments that may be inappropriate or invalid for the target
population can contribute to misleading results and may
threaten the internal validity of a study [14]. Studies have
shown that participants, especially low-income women,
frequently did not understand or misinterpreted the
wording of valid instruments [12,15,16]. Other studies
have found that a standardized instrument that was vali-
dated in middle-class, middle-aged white women [17]
was not valid in low-income populations [18,19].
A total of 106 items were generated for this study based on
previous research [9] and existing instruments [personal
communication with M. Campbell, University of North
Carolina -Chapel Hill, 2004;20–22]. Previous studies
have validated several dimensions measuring personal
(self-efficacy, emotional coping response) and environ-
mental (accessibility to purchase foods, situation) factors
affecting dietary fat intake behavior of the target audience
[12,13]. Therefore, thirteen items were generated to meas-
ure personal (outcome expectancies) and environmental
(social support) factors affecting this behavior. Ninety-
three items were drafted to measure personal and environ-
mental factors affecting physical activity (44 items) and
stress management (49 items). The psychometric proper-
ties of scales measuring factors affecting diet, exercise, and
stress management (FADESM) were undocumented.
Therefore, the purpose of this study was to develop and
validate scales measuring personal and environmental
factors affecting young, low-income mothers' dietary fat
intake behavior, physical activity, and stress management.
Methods
Phase one
Phase one was conducted between July and August 2005.
The purpose of Phase one was to establish face validity by
assessing respondents' comprehension and interpretation
of survey items.
Subjects
Participants were recruited from three sites of the Special
Supplemental Nutrition Program for Women, Infants,
and Children (WIC) in southern Michigan. WIC is a fed-
eral program that provides nutrition consultation, supple-
mental food and health care for low-income women and
young children. The criteria for participation in the inter-
view (Phase one) study were: 1) African American or non-
Hispanic white women, 2) 18 to 45 years old, 3) not preg-
nant or breastfeeding, 4) at least one child enrolled in the
WIC program, and 5) able to speak and read English. Of
45 participants, 25 women were African American
(55.6%). The mean age of the sample was 27.2 ± 5.6 years
old; 46.7% had a high school education or less.
Procedure
According to Willis [23], individual cognitive interviews
with four participants are sufficient for the early stages of
instrument development. In this study, subgroups from a
sample of 45 women participated in individual cognitive
interviews. Participants were randomly assigned to a sub-
group of questions and interviewed by a trained inter-
viewer after signing an informed consent form. Four or
five participants completed and provided responses for
each grouping of draft questions. Each participant was
asked how she came up with her answers after she com-
pleted items on the survey. Then, she was asked to repeat
each item in her own words and make suggestions for
wording changes. Notes were taken during the interviews,
which lasted 15 to 20 minutes. As a token of appreciation
for their time, participants received a $5.00 cash incentive.BMC Public Health 2008, 8:76 http://www.biomedcentral.com/1471-2458/8/76
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Michigan State University's Institutional Review Board
approved the procedure.
Data analysis and results
Data were analyzed in October 2005, using content anal-
ysis to identify common themes and discrepancies in the
participants' answers to similar items. The results were
used to determine final item selection and wording. Very
similar responses were combined into single items. Items
that did not measure what we intended to measure were
deleted. As a result, 19 items were deleted. The revised
questionnaire included 11 items for dietary fat intake
behavior, 39 items for physical activity, and 41 items for
stress management. The revised questionnaire was, there-
fore, used for a reliability and validity study (Phase two)
with a different sample.
Phase two
Subjects
Participants (N = 216) were recruited from January to Feb
2006. The purpose of phase two was to establish validity
and reliability of the FADESM. The inclusion criteria and
settings were the same as Phase one.
Procedure
Every woman coming to the WIC clinic during the data
collection dates was personally invited to participate. Data
were collected via self-administered written question-
naire, which had been revised according to data collected
in Phase one. The questionnaire required 10 to 15 min-
utes to complete. Participants received a $5.00 cash incen-
tive.
Measures
Scale measuring personal (outcome expectancies) and 
environmental factors (social support) affecting dietary fat Intake 
behavior
The dimension measuring outcome expectancies had five
items. Participants were asked about motivation and ben-
efits for eating low-fat foods. The dimension measuring
social support included six items. For each item, the sub-
jects were instructed to rate perceived encouragement and
criticism from family, friends or co-workers for eating
low-fat foods. Ratings for both dimensions were made on
a 4-point scale (strongly disagree to strongly agree, rarely/
never to usually/always).
Scale measuring personal factors affecting physical activity: outcome 
expectancies, emotional coping response, and self-efficacy
The outcome expectancies dimension comprised 11 items
associated with perceived motivation and benefits for
physical activity. The emotional coping response dimen-
sion consisted of four items about exercising when experi-
encing emotional upset. The self-efficacy dimension
measured confidence in performing physical activity in
various moods and situations (11 items). Ratings for the
dimensions were made on a 4-point scale (strongly disa-
gree to strongly agree, never/rarely/to very often, not at all
confident to very confident).
Scale measuring environmental factors affecting physical activity: 
physical environment, social support, and situation
The physical environment dimension measured accessi-
bility to exercise equipment (two items). For each of five
items in the social support dimension, subjects were
instructed to rate perceived encouragement and criticism
from family, friends or co-workers for physical activity.
The situation dimension had six items associated with
barriers to physical activity. Ratings for the dimensions
were made on a 4-point scale from strongly disagree to
strongly agree or rarely/never to usually/always.
Scale measuring personal factors affecting stress management: 
outcome expectancies, emotional coping response, and self-efficacy
The outcome expectancies dimension included nine items
concerning motivation and benefits for managing stress.
The emotional coping response dimension included nine
items related to ways to deal with stress. The self-efficacy
dimension consisted of nine items related to emotional
upset and situations in which the participants were able to
relax. Ratings for these dimensions were made on a 4-
point scale from strongly disagree to strongly agree, rarely/
never to usually/always, or not confident at all to very
confident.
Scale measuring environmental factors affecting stress management: 
physical environment, social support, and situation
The physical environment dimension had two items
assessing accessibility to resources for managing stress.
The social support dimension consisted of six items asso-
ciated with perceived support in various situations. The
situation dimension had six items related to stressful cir-
cumstances. Ratings for the dimensions were made on a 4-
point scale from strongly disagree to strongly agree or
rarely/never to usually/always.
Data analysis
SPSS version 14.0 (Chicago, 2005) and M-plus (Los Ange-
les, 2006) were used for descriptive statistics and factor
analyses, respectively. Data analyses were carried out in
three steps. In step I, exploratory factor analyses were per-
formed to identify the underlying structure of the factor
model. The factor structure was determined using varimax
rotation. To determine the underlying factors, the eigen-
value greater than one rule and factor loading equal to or
greater than 0.4 were applied [24]. In step II, confirmatory
factor analyses, constraining certain elements in specific
structures, were carried out for each dimension to verify a
given factor model and to establish construct validity.
Assessment of the appropriateness of the models wasBMC Public Health 2008, 8:76 http://www.biomedcentral.com/1471-2458/8/76
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based on four fit indices: comparative fit index (CFI), non-
normed fit index (NNFI), root mean squared error of
approximate (RMSEA), and standardized root mean
squared residual (SRMR). Judgments about how well the
model fit the data were made on the basis of CFI > 0.9,
NNFI > 0.9, RMSEA < 0.7, and SRMR < 0.10. [25,26]
In Step III, multiple indicators/multiple causes (MIMIC)
model was performed to assess whether the FADESM
scales had differential item and scale functioning (DIF),
non-invariance [27]. Since the scales were tested on Afri-
can American and white mothers, the psychometric prop-
erties of these scales might differ by race. Therefore, it is
critical to disentangle group differences in the latent vari-
able from group difference arising from DIF. With the
MIMIC model, race was incorporated to assess non-invar-
iance (see Figure 1). When the MIMIC model indicated
non-invariance with respect to race, specific items contrib-
uting to non-invariance were identified. Then, these items
were removed from the scale and the measurement model
structures were re-modeled to reach racial invariance.
Discriminant validity refers to the distinctiveness of the
dimensions measured by different sets of indicators. It
was established by using average variance extracted (AVE)
greater than the squared correlations between two dimen-
sions [28]. Internal consistency of a dimension was
assessed using Crobach alpha and composite construct
reliability that tests the assumption: a single common fac-
tor underlies a set of variables [29].
Results
Demographic characteristics
The mean age of the 216 participants was 27.1 ± 6.0 years.
Of the sample, 58.8% were African Americans; 50.0% had
a high school or lower education. The mean body mass
index was 29.7 kg/m2; 30.6% were overweight and 43.1%
were obese.
Validity and reliability
Scale measuring personal and environmental factors affecting dietary 
fat Intake behavior
For the scale measuring personal and environmental fac-
tors affecting dietary fat intake behavior, the factor solu-
tion included three factors (dimensions) with eigenvalue
greater than 1.16. These dimensions were motivation,
positive social support, and negative social support. Fac-
tor intercorrealtions ranged from -0.27 to 0.13. Results of
confirmatory factor analysis showed a good model fit to
the data (CFI = 0.97, NNFI = 0.97, RMSEA = 0.15, SRMR
= 0.09), demonstrating construct validity. All factor load-
ings were significant at p < 0.05. As a result of the MIMIC
model, one item from the negative social support dimen-
sion was removed to reach scale invariance. The revised
model showed a good fit to the data (CFI = 0.99, NNFI =
0.98, RMSEA = 0.12, SRMR = 0.06) (Additional file 1).
Discriminant validity was supported by AVE (0.54–0.84)
greater than squared correlations between two dimen-
sions (0.01–0.06). Cronbach alpha values ranged from
0.67 to 0.89. All dimensions had composite construct reli-
ability ranging from 0.78 to 0.94 (Table 1).
Scale measuring personal factors affecting physical activity
For the scale measuring personal factors affecting physical
activity, the factor solution contained five dimensions
with eigenvalue greater than 1.64. As a result of explora-
tory factor analysis, one item related to self-efficacy was
deleted due to a poor loading. The five dimensions were
motivation, benefits (outcome expectancies), emotional
coping response, negative mood self-efficacy, and situa-
tional self-efficacy. Factor intercorrelations ranged from -
0.51 to 0.26. Results of confirmatory factor analysis
showed a good model fit to the data (CFI = 0.97, NNFI =
0.98, RMSEA = 0.10, SRMR = 0.08), demonstrating con-
struct validity. All factor loadings were significant at p <
0.05. As a result of the MIMIC model, two items from the
negative mood self-efficacy dimension were removed to
reach scale invariance. The revised model showed a good
fit to the data (CFI = 0.97, NNFI = 0.98, RMSEA = 0.10,
SRMR = 0.08) (Additional file 2). Discriminant validity
was supported by AVE (0.48–0.84) greater than squared
correlation between two dimensions (0.00–0.23). Cron-
bach alpha values ranged from 0.66 to 0.94. All dimen-
Multiple Indicators/Multiple Causes (MIMIC) Model Figure 1
Multiple Indicators/Multiple Causes (MIMIC) Model. 
DIF = Differential item and scale functioning. Race is served 
as a covariate. Sub-scale = dimension.
Sub-scale
1
Item 1
Item 2
Item 3
Item 4
Item 5
RACE
Scale DIF assessment
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sions had composite construct reliability scores between
0.78 and 0.97 (Table 1).
Scale measuring environmental factors affecting physical activity
The factor solution for the scale measuring environmental
factors affecting physical activity had three dimensions
with eigenvalue greater than 1.19: accessibility to exercise
equipment, social support, and barriers. As a result of
exploratory factor analysis, one item related to social sup-
port was removed due to a poor loading. Factor intercor-
relations ranged from -0.27 to 0.31. Results of
confirmatory factor analysis showed a good model fit to
the data (CFI = 0.88, NNFI = 0.93, RMSEA = 0.13, SRMR
= 0.09), demonstrating construct validity. All factor load-
ings were significant at p < 0.05. As a result of the MIMIC
model, one item from the barrier dimension was removed
to reach scale invariance. The revised model showed a
good fit to the data (CFI = 0.91, NNFI = 0.95, RMSEA =
0.13, SRMR = 0.07) (Additional file 3). Discriminant
validity was supported by AVE (0.57–0.62) greater than
squared correlations between two dimensions (0.08–
0.21). Cronbach alpha values ranged from 0.69 to 0.84.
All dimensions had composite construct reliability scores
that ranged from 0.74 to 0.89 (Table 1).
Scale measuring personal factors affecting stress management
For the scale measuring personal factors affecting stress
management, the factor solution comprised five dimen-
sions with eigenvalue greater than 1.21. As a result of
exploratory factor analysis, two items related to emotional
coping response were removed due to a poor loading. The
five dimensions were motivation, benefits, positive emo-
tional coping response, negative emotional coping
response, and self-efficacy. Factor intercorrelations ranged
from -0.53 to 0.51. Results of confirmatory factor analysis
showed a good model fit to the data (CFI = 0.98, NNFI =
0.99, RMSEA = 0.08, SRMR = 0.08), demonstrating con-
struct validity. All factor loadings were significant at p <
0.05. As a result of the MIMIC model, two items from the
positive emotional coping dimension were removed to
reach scale invariance. The revised model showed a good
fit to the data (CFI = 0.98, NNFI = 0.99, RMSEA = 0.09,
SRMR = 0.06) (Additional file 4). Discriminant validity
was supported by AVE (0.44–0.83) greater than squared
correlations between two dimensions (0.00–0.50). Cron-
bach alpha values ranged from 0.69 to 0.92. All dimen-
sions had composite construct reliability scores in the
range from 0.85 to 0.95 (Table 1).
Scale measuring environmental factors affecting stress management
The factor solution for the scale measuring environmental
factors affecting stress management had three dimensions
(accessibility, social support, barriers) with eigenvalues
greater than 1.23. Factor intercorrelations ranged from -
0.16 to 0.42. Results of confirmatory factor analysis
showed a good model fit to the data (CFI = 0.96, NNFI =
0.98, RMSEA = 0.10, SRMR = 0.08), demonstrating con-
struct validity. All factor loadings were significant at p <
Table 1: Reliability of factors affecting dietary fat intake behavior, physical activity, and stress management of low-income women
Construct N Crobach Alpha Composite Construct Reliability
Personal and Environmental Factors Affecting Dietary Fat Intake Behavior
Motivation (Outcome Expectancies) 5 0.89 0.94
Positive Social Support 2 0.87 0.91
Negative Social Support 3 0.67 0.78
Personal Factors Affecting Physical Activity
Motivation (Outcome Expectancies) 5 0.82 0.89
Benefits (Outcome Expectancies) 6 0.94 0.97
Emotional Coping Response 4 0.91 0.95
Negative Mood Self-efficacy 4 0.88 0.88
Situational Self-efficacy 4 0.66 0.78
Environmental Factors Affecting Physical Activity
Accessibility (Physical Environment) 2 0.69 0.74
Positive Social Support 4 0.76 0.84
Barriers (Situations) 5 0.84 0.89
Personal Factors Affecting Stress Management
Motivation (Outcome Expectancies) 6 0.69 0.93
Benefits (Outcome Expectancies) 3 0.87 0.92
Positive Emotional Coping 2 0.80 0.85
Negative Emotional Coping 3 0.91 0.94
Self-efficacy 9 0.92 0.95
Environmental Factors Affecting Stress Management
Accessibility (Physical Environment) 2 0.76 0.84
Social Support 6 0.87 0.91
Barriers (Situation) 6 0.88 0.91BMC Public Health 2008, 8:76 http://www.biomedcentral.com/1471-2458/8/76
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0.05. Results of the MIMIC model showed no significant
racial influence, scale invariance (Additional file 5). Dis-
criminant validity was supported by AVE (0.64–0.73)
greater than squared correlations between two dimen-
sions (0.01–0.23). Cronbach alpha values ranged from
0.76 to 0.88. All dimensions had composite construct reli-
ability in the range from 0.84 to 0.91 (Table 1).
Discussion
This study applied six concepts of the Social Cognitive
Theory to systematically develop scales measuring per-
sonal and environmental factors affecting dietary fat
intake behavior, physical activity, and stress management
of low-income mothers. Phase one demonstrated the util-
ity of cognitive interviews in the instrument development
process. The FADESM provides a tool for researchers and
educators to further explore personal and environmental
factors associated with lifestyle behaviors (dietary fat
intake behaviors, physical activity, stress management)
with low-income mothers. This instrument has utility to
these applications for several reasons. First, it is an instru-
ment with good reliability and construct and discriminant
validity. Second, it is a theory-based multidimensional
measure of factors that affect lifestyle behaviors. Finally,
information obtained from the FADESM can help educa-
tors establish evidence-based priorities for changing life-
style behaviors as thus design more effective and efficient
interventions.
There were methodological limitations that could be
addressed in future studies. Exploratory and confirmatory
factor analyses were performed on subsets of the same
sample according to documented procedures [30], but use
of different samples would provide stronger evidence to
support pattern structures that emerged in the confirma-
tory factor analysis. Predictive or criterion validity was not
tested due to lack of valid instruments to serve as a 'gold
standard' for this type of measurement in low-income
mothers. Further research is needed to establish this
instrument's sensitivity to change in the context of an
intervention. Further testing would also be advised to sup-
port use or modification of these scales for populations
other than low-income African American and white
mothers.
Conclusion
The reliability and validity data presented in this paper
show the power of the new FADESM scales measuring per-
sonal and environmental factors affecting dietary fat
intake behavior, physical activity, and stress management.
Additionally, the results of our study support the use of
these scales with low-income African American and white
mothers in community settings in Michigan.
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